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ABSTRACT: 

CHS DATE=20020702 STATUS=0> The problem of the invention is to provide a 
method of forming an optical aperture constituting a source of generating and 
detecting near field light. Hence, according to a method of fabricating an 
optical aperture of the invention, a face of a pushing body is made to be 
opposed to an object for aperture formation having a tip of a conical or a 
pyramidal shape formed at a substrate, a stopper arranged at a vicinity of the 
tip and a optical shielding film formed at least above the tip to cover at 
least a portion of the stopper and the tip and the pushing body is pushed to 
the object for aperture formation by force having a component directed to the 
tip to thereby form the optical aperture at the front end of the tip. <IMAGE> 
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(54) Method of fabricating optical aperture and method of fabricating probe for near field light 
device 

(57) The problem of the invention is to provide a 
method of forming an optical aperture constituting a 
source of generating and detecting near field light. 
Hence, according to a method of fabricating an optical 
aperture of the invention, a face of a pushing body is 
made to be opposed to an object for aperture formation 
having a tip of a conical or a pyramidal shape formed at 
a substrate, a stopper arranged at a vicinity of the tip 
and a optical shielding film formed at least above the tip 
to cover at least a portion of the stopper and the tip and 
the pushing body is pushed to the object for aperture 
formation by force having a component directed to the 
tip to thereby form the optical aperture at the front end 
of the tip. 
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Description 

[0001] The present invention relates to a method of 
fabricating an optical aperture. Particularly, the inven- 
tion relates to a method of forming an optical aperture 
at a probe used in a near field light device for irradiating 
and detecting near field light. 

[0002] There is used a scanning probe microscope 
(SPM) represented by a scanning tunnel microscope 
(STM) or an atomic force microscope (AFM) for observ- 
ing a very small area of a nanometer order at a surface 
of a sample. Although SPM can acquire an image of a 
resolution dependent on a shape of a front end of a 
probe by scanning a probe having a sharpened front end 
at a surface of a sample with interactive operation pro- 
duced between the probe and the surface of the sample 
such as tunnel current or atomic force as an object of 
observation, arestriction imposed on the sample to be 
observed is comparatively severe. 
[0003] Hence, currently, attention is attracted to a 
near field optical microscope (SNOM) capable of ob- 
serving a very small area of a surface of a sample by 
constituting an object of observation by interactive op- 
eration caused between nearfield light and a probe pro- 
duced at the surface of the sample. 
[0004] According to the nearfield optical microscope, 
near field light is irradiated to the surface of the sample 
from an aperture provided at a sharpened front end of 
an optical fiber. The aperture is provided with a size 
equalto or smaller than a diffraction limit of a wavelength 
of light introduced into the optical fiber, which is, for ex- 
ample, a diameter of about 1 00 nm. A distance between 
the aperture formed at the front end of the probe and 
the sample is controlled by the technology of SPM and 
its value is equal to or smaller than the size of the aper- 
ture. In this case, a spot diameter of near field light on 
the sample is substantially the same as the size of the 
aperture. Therefore, by scanning near field light irradi- 
ated to the surface of the sample, observation of optical 
properties of the sample at the very small area can be 
carried out. 

[0005] Not only use as the microscope but there is en- 
abled an application as high density optical storage re- 
cording in which by introducing light having a compara- 
tively large density toward a sample via an optical fiber 
probe, near field light having a high energy density is 
produced at an aperture of the optical fiber probe and a 
structure or a physical property of the surface of the 
sample is locally changed by the near field light. There 
has been carried out a trial of enlarging a front end angle 
of the front end of the probe to acquire near field light 
having a large intensity. 

[0006] According to the devices utilizing near field 
light, formation of the aperture is most important. As one 
of methods of fabricating the aperture, there is known a 
method disclosed in Japanese Patent No. 21201-1993. 
In this case, as a sample for forming an aperture, there 
is used a constitution depositing an optical shielding film 



on a sharpened light waveguide. According to the meth- 
od of fabricating the aperture, by pressing the sharp- 
ened light waveguide having the optical shielding film to 
a hard flat plate by a very small amount of pressing ex- 
5 cellently controlled by a piezoelectric actuator, the opti- 
cal shielding film at the front end is subjected to plastic 
deformation. 

[0007] Further, as a method of forming an aperture, 
there is a method disclosed in Japanese Patent Laid- 

10 Open No. 265520/1 999. According to the method of fab- 
ricating the aperture, an object of forming the aperture 
is a front end of a projection formed on a flat plate by 
focused ion beam (FIB). The method of forming the ap- 
erture is carried out by irradiating FIB from a side face 

is to aopticalshieldingfilmatthefrontendoftheprojection 
to thereby remove the optical shielding film at the front 
end of the projection. 

[0008] However, according to the method of Japa- 
nese Patent No. 21201/1993, the aperture can be 
20 formed respectively for only a single piece of the light 
waveguide. Further, according to the method of Japa- 
nese Patent No. 21 201/1 993, the amount of pressing is 
controlled by the piezoelectric actuator having several 
nm of movement resolution and accordingly, an aper- 
25 ture forming apparatus must be placed under an envi- 
ronment having insignificant influence by other appara- 
tus or vibration of air. Further, time is taken for adjusting 
to bring a light carrier rod into orthogonal contact with 
the flat plate. Further, a mechanical translation base 
30 having a large moving amount is needed other than the 
piezoelectric actuator having a small moving amount. 
Further, a control apparatus is needed in controlling the 
amount of pressing by using the piezoelectric actuator 
having the small movement resolution. Further, a time 

35 period of several minutes is taken for controlling the 
amount of pressing to thereby form the aperture. There- 
fore, there are needed large-scaled apparatus such as 
a high voltage power source and a feedback circuit for 
fabricating the aperture. Further, there poses a problem 

40 that cost for forming the aperture is increased. 

[0009] Further, according to the method of the Japa- 
nese Patent Laid-Open No. 265520/1999, although the 
object of fabrication is the projection on the flat plate, 
since the aperture is formed by using FIB, a time period 

45 required for forming a single one of the aperture is as 
long as about 1 0 minutes. Further, the sample must be 
placed in vacuum in order to use FIB. Therefore, there 
poses a problem that fabrication cost required for form- 
ing the aperture is increased. 

so p)01 0] Hence, it is a feature of the invention to realize 
a method of forming an optical aperture at a low cost. 
[0011] The invention has been carried out in view of 
the above-described problem and according to a meth- 
od of fabricating an optical aperture of the invention, a 

55 face of a pushing body is made to be opposed to an 
object for aperture formation having a tip of a conical or 
a pyramidal shape formed at a substrate, a stopper ar- 
ranged at a vicinity of the tip and a optical shielding film 
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formed at least above the tip to cover at least a portion 
of the stopper and the tip and the pushing body is 
pushed to the object for aperture formation by force hav- 
ing a component directed to the tip to thereby form the 
optical aperture at a front end of the tip. 5 
[001 2] Further, a pushing body having a stopper pro- 
jected in a direction of an object of aperture formation 
to the object for aperture formation having a tip of a con- 
ical or a pyramidal shape and a optical shielding film 
formed at least above the tip and the pushing body is »° 
displaced by exerting force having a component direct- 
ed to the tip thereto to thereby form an optical aperture 
at a front end of the tip. 

[001 3] Further, there are formed a plurality of the tips 
and optical apertures are formed in one operation at '5 
front ends of the plurality of tips. 
[0014] Further, a portion of the pushing body brought 
into contact with the tip and the stopper is constituted 
by a substantially flat face. Further, the pushing body is 
constituted by a plate and a pressing tool . 20 
[0015] Further, according to the invention, there is 
provided a method of fabricating a probe for a near field 
light device, the method comprising a step of fabricating 
a tip for transmitting light having a desired wavelength 
on a substrate, a step of fabricating a stopper arranged 25 
at a surrounding of the tip, a step of forming a optical 
shielding film covering the tip, and a step of forming an 
optical aperture at a front end of the tip by exerting a 
force simultaneously to the tip and the stopper by using 
a pushing body having a substantially flat face. & 
[001 6] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a view explaining a method of forming an 35 
aperture according to Embodiment 1 of the inven- 
tion; 

Fig. 2 is a view explaining the method of forming the 
aperture according to Embodiment 1 of the inven- 
tion; 40 
Fig. 3 is a view explaining the method of forming the 
aperture according to Embodiment 1 of the inven- 
tion; 

Figs. 4A and 4B are views explaining a method of 
fabricating a workpiece 1000; 45 
Figs. 5A and 5B are views explaining the method of 
fabricating the workpiece 1000; 
Figs. 6A and 6B are views showing a shape of a 
front end of a tip fabricated by a method according 
to Embodiment 2 of the invention; 50 
Fig. 7 is a view explaining a method of fabricating 
an optical aperture according to Embodiment 3 of 
the invention; 

Fig. 8 is a view explaining the method of fabricating 
the optical aperture according to Embodiment 3 of ss 
the invention; 

Fig. 9 is a view showing a sheet 1 4 having a pushing 
plate used in a method of fabricating an optical ap- 



erture according to Embodiment 4 of the invention; 
Fig. 1 0 is a view explaining a method of fabricating 
an optical aperture according to Embodiment 5 of 
the invention; 

Fig. 11 is a view explaining a method of forming an 
aperture according to Embodiment 6 of the inven- 
tion; 

Fig. 12 is a view explaining the method of forming 
the aperture according to Embodiment 6 of the in- 
vention; 

Fig. 13 is a view for explaining a relationship be- 
tween heights of a tip and a stopper according to 
Embodiment 6 of the invention; 
Figs. 14A, 14B and 14C are views for explaining the 
relationship between the heights of the tip and the 
stopper according to Embodiment 6 of the inven- 
tion; 

Fig. 15 is a view for explaining a method of forming 
an aperture according to Embodiment 7 of the in- 
vention; 

Figs. 16A, 16B and 16C are views for explaining a 
method of forming an aperture according to Embod- 
iment 8 of the invention; 

Figs. 1 7A, 1 7B and 1 7C are views for explaining the 
method of forming the aperture according to Em- 
bodiment 8 of the invention; 
Figs. 18A and 18B are views for explaining the 
method of forming the aperture according to Em- 
bodiment 8 of the invention; 
Figs. 19A, 19B and 19C are views for explaining a 
method of forming an aperture according to Embod- 
iment 9 of the invention; 

Figs. 20A and 20B are views for explaining the 
method of forming the aperture according to Em- 
bodiment 9 of the invention; 
Fig. 21 is a view for explaining a method of fabricat- 
ing an optical aperture according to Embodiment 1 0 
of the invention; 

Fig. 22 is a view for explaining a method of fabricat- 
ing an optical aperture according to Embodiment 1 1 
of the invention; 

Fig. 23 is a view for explaining the method of fabri- 
cating the optical aperture according to Embodi- 
ment 11 of the invention; 

Fig. 24 is a view for explaining a method of fabricat- 
ing an optical aperture according to Embodiment 12 
of the invention; 

Fig. 25 is a view for explaining the method of fabri- 
cating the optical aperture according to Embodi- 
ment 12 of the invention; 

Fig. 26 is a view for explaining the method of fabri- 
cating the optical aperture according to Embodi- 
ment 12 of the invention; 

Fig. 27 is a view for explaining a method of forming 
an aperture according to Embodiment 13 of the in- 
vention; 

Fig. 28 is a view for explaining the method of form- 
ing the aperture according to Embodiment 1 3 of the 
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invention; 

Fig. 29 is a view for explaining the method of form- 
ing the aperture according to Embodiment 1 3 of the 
invention; 

Fig. 30 is a view showing a state in which after ex- 
erting force F, a plate 28000 and a pushing tool 7 
are removed in the method of forming the aperture 
according to Embodiment 13 of the invention; 
Figs. 31 A and 31 B are views showing a state in 
which after forming a transparent material 1 03 on a 
substrate material 1 04, a mask 1 01 for tip is formed 
in the method of forming the aperture according to 
Embodiment 13 of the invention; and 
Figs. 32A and 32B are views showing a state of 
forming atip 1 inthe method of forming the aperture 
according to Embodiment 13 of the invention. 

[001 7] A detailed explanation will be given of a meth- 
od of forming an optical aperture of the invention and a 
near field light device fabricated by the forming method 
in reference to the drawings as follows. 

(Embodiment 1) 

[0018] An explanation will be given of a method of 
forming an aperture according to Embodiment 1 of the 
invention in reference to Fig. 1 through Fig. 3. 
[0019] Fig. 1 is a schematic sectional view showing 
an outline constitution of a workpiece 1 000. A transpar- 
ent layer 5 is formed on a substrate 4, a tip 1 of a conical 
or pyramidal shape and a stopper 2 in a ridged shape 
are formed on the transparent layer 5 and a optical 
shielding film 3 is formed above the tip 1 , the stopper 2 
and the transparent layer 5. Further, in the workpiece 
1 000, the transparent layer 5 is not necessarily needed 
and in that case, the optical shielding film 3 is formed 
on the tip 1 , the stopper 2 and the substrate 4. Further, 
the optical shielding film 3 may be deposited only on the 
tip 1. 

[0020] A height H1 of the tip 1 and a height H2 of the 
stopper 2 are equal to or smaller than several mm. A 
difference between the height H1 and the height H2 is 
equal to or smaller than 1000 nm. An interval between 
the tip 1 and the stopper 2 is equal to or smaller than 
several mm. Further, a thickness of the optical shielding 
film 3 falls in a range of several 10 nm through several 
100 nm although the thickness differs by its material. 
[0021] There are used dielectrics having high trans- 
mittivity in a range of visible light such as silicon dioxide, 
diamond and the like, dielectrics having high transmit- 
tivity in a range of infrared light such as SeZn, silicon 
and the like and materials having high transmittivity in a 
range of uttraviolet light such as MgF, CaF and the like 
for the tip 1 , the stopper 2 and the transparent layer 5. 
Further, as a material of the tip 1 , a material transmitting 
light in a wavelength band of light transmitted by the ap- 
erture even by a small amount can be used. Further, the 
tip 1 , the stopper 2 and the transparent layer 5 may be 



constituted by the same material or may be constituted 
by separate materials. For example, there are used met- 
als of aluminum, chromium, gold, platinum, silver, cop- 
per, titanium, tungsten, nickel, cobalt and the like and 

s alloys of these. 

[0022] Fig. 2 is a view showing a state of subjecting 
the optical shielding film 3 to plastic deformation in the 
method of forming the aperture. A plate 6 covering the 
tip 1 and at least a portion of the stopper 2 and consti- 

io tuting a flat face on the side of the tip 1 and the stopper 
2, is mounted on the workpiece 1000 shown in Fig. 1 
and a pressing tool 7 is mounted on the plate 6. By ex- 
erting force F to the pressing tool 7 in a direction of a 
central axis of the tip 1 , the plate 6 is moved toward the 

« tip 1 . A contact area of the stopper 2 and the plate 6 is 
several hundreds through several tens of thousands 
times as large as a contact area of the tip 1 and the plate 
6. Therefore, the force F is dispersed by the stopper 2 
and as a result, displacement of the plate 6 is reduced. 

20 Since the displacement of the plate 6 is small, an 
amount of plastic deformation provided to the optical 
shielding film 3 is very small. Further, the tip 1 and the 
stopper 2 are only subjected to very small elastic defor- 
mation. As a method of exerting the force F, there is a 

25 method of lifting a weight having a predetermined weight 
by a predetermined distance and dropping the weight 
freely, a method of attaching a spring having a prede- 
termined spring constant to the pressing tool 7 and 
pressing the spring by a predetermined distance or the 

30 like. When the plate 6 comprises a material harder than 
the optical shielding film and softer than the tip 1 and 
the stopper 2, the force received by the tip 1 and the 
stopper 2 is absorbed by the plate 6 and therefore, the 
displacement of the plate 6 is further reduced to thereby 

35 facilitate to reduce the amount of plastic deformation of 
the optical shielding film 3. 

[0023] Fig. 3 shows a state in which after exerting the 
force F in this way, the plate 6 and the pressing tool 7 
are removed. As described above, the amount of plastic 

40 deformation of the optical shielding film 3 is very small, 
the tip 1 and the stopper 2 are deformed only in an area 
of elastic deformation and therefore, an aperture 8 is 
formed at a front end of the tip 1 . A size of the aperture 
8 is a size of from several nm to about a wavelength of 

45 light passing through the tip 1 . Further, although in the 
above-described, the plate 6 is inserted between the 
pressing tool 7 and the workpiece 1 000, the aperture 8 
can naturally be formed similarly also by removing the 
plate 6 and pressing the workpiece 1 000 directly by the 

so pressingtool 7. In orderto introduce lightto the aperture 
8, by exposing at least a portion of the transparent mem- 
ber 5 of the tip 1 by etching the substrate 4 from a side 
opposed to a face of the substrate 4 for forming the tip 
1 , an entrance for light to the aperture 8 is formed. Fur- 

55 ther, byconstitutingthesubstrate4by a transparent ma- 
terial, a step of forming the entrance for light can natu- 
rally be dispensed with. 

[0024] As has been explained above, according to the 
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method of fabricating the aperture of the invention, the 
displacement of the plate 6 can excellently be controlled 
by the stopper 2, further, the displacement of the plate 
6 can be made very small and therefore, the aperture 8 
having a uniform and small size can easily be fabricated 
at the front end of the tip 1 . Further, near field light can 
be generated from the aperture 8 by irradiating light from 
the side of the substrate. 

[0025] An explanation will be given here of a method 
of fabricating the workpiece 1000 in reference to Figs. 
4A and 4B and Figs. 5A and 5B. Figs. 4A and 4B show 
a state in which a mask 101 for tip and a mask 102 for 
stopper are formed on a transparent material 103 
formed on a substrate material 1 04. Fig. 4A is a top view 
and Fig. 4B is a sectional view at a position indicated by 
A-A' of Fig. 4A. 

[0026] The transparent material 1 03 is formed on the 
substrate material 104 by chemical vapor deposition 
(CVD) or spin coat. Or, the transparent material 1 03 can 
also be formed on the substrate material 1 04 by a meth- 
od of solid state bonding or glue. The mask 101 for tip 
and the mask 102 for stopper are formed in desired 
shapes on the transparent material 1 03. The mask 1 01 
for tip and the mask 1 02 for stopper may be formed si- 
multaneously or may be formed separately. These 
masks can be formed in desired shapes by photolithog- 
raphy steps or the like. Further, as the transparent ma- 
terial 103, there is used a dielectric having high trans- 
mittivity in a range of visible light such as silicon dioxide 
or diamond, a dielectric having high transmittivity in a 
range of infrared light such as SeZn or silicon or a ma- 
terial having high transmittivity in a range of ultraviolet 
light such as MgF or Caf. Although a photoresist or a 
nitride film is normally used for the mask 1 01 for tip and 
the mask 102 for stopper, they may be selected in ac- 
cordance with a material of the transparent material 1 03 
and an etch ant used in a successive step. 
[0027] A diameter of the mask 1 01 for tip is, for exam- 
ple, equal to or smaller than several mm. A width W1 of 
the mask 102 for stopper may be equal-to the diameter 
of the mask 1 01 for tip orthe width may be wider or nar- 
rower and the width W1 by several 1 0 nm through sev- 
eral nm. Further, a length of the mask 102 for stopper 
is equal to or smaller than several 1 0 urn. Figs. 5A and 
5B show a state of forming the tip 1 and the stopper 2. 
Fig. 5A is a top view and Fig. 5B is a sectional view of 
a position indicated by A-A' of Fig. 5A. After forming the 
mask 1 01 for tip and the mask 1 02 for stopper as shown 
by Fig. 4A, the transparent material 1 03 is etched by 
isotropic etching by wet etching and the tip 1 and the 
stopper 2 as shown by Figs. 5A and 5B are formed. In 
accordance with a relationship among the thickness of 
the transparent material 103 and the heights of the tip 
1 and the stopper 2, the transparent layer 5 of Fig. 1 is 
formed or is not formed. Here, a radius of the front end 
of the tip 1 falls in a range of several nm through several 
100nm. Thereafter, by depositing the optical shielding 
film by a method of sputtering or vacuum evaporation, 



the workpiece 1000 shown in Fig. 1 can be formed. 
[0028] Further, when the optical shielding film 3 of Fig. 

1 is deposited only on the tip 1 , in a step of depositing 
the optical shielding film 3, a metal mask having a shape 

5 of depositing the optical shielding film 3 on the tip 1 is 
mounted and sputtering or vacuum evaporation is car- 
ried out. Further, the optical shielding film 3 can naturally 
be formed only on the tip 1 also by depositing the optical 
shielding film 3 on an entire face of a face of the work- 

io piece 1000 formed with the tip and thereafter, using a 
photolithography step of leaving the optical shielding 
film 3 only at the tip 1 . 

[0029] As has been explained above, according to 
Embodiment 1 of the invention, the displacement of the 

is plate 6 can be reduced by providing the stopper 2 and 
therefore, even when an actuator having high resolution 
is not used, the aperture 8 having a uniform and very 
small size can easily be formed at the front end of the 
tip 1 . According to an experiment of the inventors, the 

so aperture 8 having a diameter equal to or smaller than 
1 00 nm can be formed by only knocking at the pressing 
tool 7 by a hand-held hammer. Further, control of the 
heights of the tip 1 and the stopper 2 is facilitated and 
therefore, the yield of fabricating the aperture 8 is pro- 

25 moted. Further, the workpiece 1000 explained in Em- 
bodiment 1 of the invention can be fabricated by the pho- 
tolithography step and therefore, a plurality of pieces 
thereof can be fabricated at a sample having a large ar- 
ea such as a wafer and by making the force F constant, 

30 the aperture 8 having a uniform aperture diameter can 
be formed at each of the workpices 1 000 fabricated by 
a plurality of pieces thereof. Further, it is very simple to 
change the magnitude of the force F and therefore, the 
apertures 8 having individually different aperture diam- 

35 eters can be formed at the workpieces 1 000 fabricated 
by a plurality of pieces thereof. Further, the aperture 8 
is formed by simply exerting the force F and therefore, 
a time period taken forfabricating the aperture is as very 
short as several seconds through several tens seconds. 

40 Further, according to Embodiment 1 of the invention, 
any fabrication environment can be used. Therefore, the 
workpiece 1000 can be fabricated in the atmosphere 
and a fabricated state thereof can be observed immedi- 
ately by an optical microscope or the like. Further, by 

45 fabricating the workpiece 1000 in a scanning electron 
microscope, the fabricated state can also be observed 
by resolution higher than that of an optical microscope. 
Further, by fabricating the workpiece 1000 in a liquid, 
the liquid serves as a damper and therefore, a fabricat- 

so ing condition having improved controllability can be 
achieved. Further, positioning of the pressing tool 7 and 
the tip 1 can easily be carried out by using the stopper 

2 as a mark. 

[0030] Further, by summarizingly exerting the force F 
55 to a sample fabricated with a plurality of pieces of the 
workpieces 1000, a plurality of pieces of the apertures 
8 having a uniform aperture diameter can also be fabri- 
cated in one operation. When the apertures 8 are sum- 
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marizingly fabricated, a time period of fabricating a sin- 
gle piece of the aperture becomes as very short as sev- 
eral hundred milliseconds or shorter although depend- 
ing on a number of the workpieces 1000 per sheet of 
wafer. 

(Embodiment 2) 

[0031 ] Figs. 6A and 6B show tips of front ends of tips 
fabricated by a method according to Embodiment 2 of 
the invention. A difference thereof from Embodiment 1 
resides in carrying out a case in which the material of 
the plate 6 is harder than the material of the tip 1 and a 
case in which the material of the plate 6 is softer than 
the material of the tip 1 and other steps are the same as 
those of Embodiment 1 and therefore, an explanation 
thereof will be omitted. Fig. 6A shows a shape of a front 
end of a tip fabricated when the material of the plate 6 
is harderthan the material of the tip 1 and Fig. 6B shows 
a shape of a front end of a tip fabricated when the ma- 
terial of the plate 6 is softer than the material of the tip 
1 . In the case of Fig. 6A, the front end of the tip is flat- 
tened and when the constitution is utilized as a near field 
light probe in a near field light microscope or a near field 
light datastorage apparatus, an optical aperture can be 
made very proximate to a surface of a sample or a sur- 
face of a record medium. Thereby, stronger near field 
light interactive operation can be caused and high S/N 
ratio or high-speed data transmission is enabled. Fur- 
ther, when a conductive substance is present at a sur- 
face of a sample or a surface of a record medium, still 
stronger near field interactive operation is achieved by 
enhancing interactive operation with a cut face of the 
optical shielding film 3 at the front end of the tip 1 . Mean- 
while, in the case of Fig. 6B, there is provided a project- 
ed portion 11 at the front end of the tip. When a very 
small structure is present in the aperture, near field light 
is provided with a resolution dependent on a size of the 
structure and when the projected portion 11 as shown 
by Fig. 6B is present, in the case of a microscope, pro- 
motion of resolution is brought about and in the case of 
the data storage apparatus, promotion of data recording 
density is brought about. In this way, by changing the 
material of the plate 6, a tip having a desired shape can 
simply be fabricated. 

(Embodiment 3) 

[0032] Fig. 7 and Fig. 8 are views for explaining a 
method of fabricating an optical aperture according to 
Embodiment 3. Fig. 7 is a top view of a portion of a wafer 
formed by aligning numbers of the tips 1 and the stop- 
pers 2. A difference thereof from Embodiment 1 resides 
in that the aperture is fabricated by using a plate 12 
shown by Fig. 8 in place of the plate 6 and the other 
features stay the same and accordingly, an explanation 
thereof will be omitted. The plate 12 shown in Fig. 8 is 
provided with a size substantially the same as that of 



the wafer shown in Fig. 7. According to the embodiment, 
a glass plate is used for the plate. The plate 12 is pre- 
viously printed with positioning lines 13 and intersec- 
tions of vertical and longitudinal lines thereof are ar- 

s ranged right above the front ends of the tips 1 shown in 
Fig. 7. Optical apertures are fabricated at the front ends 
of the tips 1 by mounting the plate 12 above the wafer, 
mounting a pressing tool (not illustrated) above the in- 
tersections of the positioning lines 1 3 and impacting the 

io plate 12. 

[0033] Thereby, positioning of the pressing tool is fa- 
cilitated. Further, even when a material which is not 
transparent, for example, a metal is used for the plate 
12, the optical apertures having a constant size can be 
15 fabricated accurately at the front ends of the tips 1 . 

(Embodiment 4) 

[0034] Fig. 9 shows a sheet 1 4 having a pressing plate 
20 used in a method of fabricating an optical aperture ac- 
cording to Embodiment 4 of the invention. According to 
the sheet 14, a plate 16 comprising glass is adhered to 
a thin sheet 1 5 comprising polyethylene. Although a size 
of the plate 1 6 is in a square shape of 2 mm square ac- 
25 cording to the embodiment, the size may be a pertinent 
size of from several hundreds urn through several cm. 
A difference thereof from Embodiment 1 resides in using 
the sheet 1 4 having a pressing plate in place of the plate 
6. Optical apertures are fabricated at the front ends of 
30 the tips 1 by mounting the sheet having the pressing 
plate on a wafer formed with the tips 1 such that the 
pressing plates are disposed at portions of the tips (not 
illustrated) and using a pressing tool (not illustrated). A 
wafer is not constituted by a completely flat face and is 
35 provided with warp since silicon dioxide or the like is 
laminated on a silicon substrate. According to the em- 
bodiment, the constitution in which the plates 1 6 are ad- 
hered to the soft sheet 15, is used and therefore, the 
pressing plates 16 can be arranged in the form along 
40 the warp of the wafer and pressure is applied to the front 
ends of the tips by the same force at any location of the 
wafer. Thereby, optical apertures having an extremely 
uniform size can stably be fabricated. 



45 (Embodiment 5) 

[0035] Fig. 1 0 is a view showing a state of subjecting 
the optical shielding film 3 on the tip 1 to plastic defor- 
mation in a method of fabricating an optical aperture ac- 

so cording to Embodiment 5 of the invention. A difference 
thereof from Embodiment 1 resides in forming a projec- 
tion 21 at the plate 6 and the other features stay the 
same and accordingly, an explanation thereof will be 
omitted. The projection 21 is formed by a pertinent size 

55 of from several tens nm to several tens urn. By consti- 
tuting in this way, even when a distance between con- 
tiguous ones of the stoppers 2 is short, the front end of 
the tip 1 can be subjected to plastic deformation by the 
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projection 21 . Thereby, a larger number of the tips can 
integrally be formed from one sheet of the wafer. Fur- 
ther, even when a large difference of a micrometer order 
is assumedly present between heights of the tip and the 
stopper, by adjusting the height of the projection 21 , the 
optical aperture can stably be fabricated. 

(Embodiment 6) 

[0036] An explanation will be given of a method of 
forming an aperture according to Embodiment 6 of the 
invention in reference to Fig. 11 and Fig.-12. The em- 
bodiment is different from Embodiment 1 in that there is 
a difference between the height of the tip and the height 
of the stopper. An explanation of portions thereof the 
same as those of Embodiment 1 will partially be omitted 
or simplified. 

[0037] Fig. 1 1 shows a workpiece in which a height of 
a tip 61 is lower than the height of the stopper 2. As 
illustrated, the transparent layer 5 is formed on the sub- 
strate 4 and the tip 61 and the stopper 2 in the ridged 
shape are formed on the transparent layer 5 and the op- 
tical shielding film 3 is formed above the tip 61 , the stop- 
per 2 and the transparent layer 5. Further, the transpar- 
ent layer 5 is not necessarily be needed and in that case, 
the optical shielding film 3 is formed above the tip 61 , 
the stopper 2 and the substrate 4. Further, the optical 
shielding film 3 may be deposited only at the tip 61 . 
[0038] The heightH16 of thetip 61 is equal to or small- 
er than several mm and the height H26 of the stopper 2 
is equal to or smaller than several mm. The difference 
between the height H16 and the height H26 is equal to 
or smaller than 1000 nm. 

[0039] Dielectrics having high transmittivity in a range 
of visible light such as silicon dioxide or diamond, die- 
lectrics having high transmittivity in a range of infrared 
light such as Sezn or silicon, or materials having high 
transmittivity in a range of ultraviolet light such as MgF 
or CaF, are used for the tip 61 , the stopper 2 and the 
transparent layer 5. Further, as the material of the tip 
61 , a material of transmitting light through the tip 61 in 
a wavelength band of light passing through the aperture 
even by a small amount thereof can be used. Further, 
the tip 61 , the stopper 2 and the transparent layer 5 may 
be constituted by the same material or may be consti- 
tuted by separate materials. There are used, for exam- 
ple, metals of aluminum, chromium, gold, platinum, sil- 
ver, copper, titanium, tungsten, nickel, cobalt and so on 
or alloys of these are used for the optical shielding film 3. 
[0040] A method of fabricating an aperture in such 
workpiece 2000 is quite the same as the method ex- 
plained in Embodiment 1 and therefore, an explanation 
thereof will be omitted. However, the amount of plastic 
deformation provided to the optical shielding film 3 
above the tip 61 becomes smaller than the amount of 
plastic deformation provided to the optical shielding film 
3 above the stopper 2. Thereby, the aperture is formed 
at the front end of the tip 61 and the aperture size be- 



come smaller than that when the heights of the tip and 
the stopper are the same explained in Embodiment 1 . 
[0041] Further, Fig. 12 shows an embodiment when 
the tip is higher than the stopper contrary to the embod- 
5 iment of Fig. 1 1 . Other portion is quite the same as that 
of the embodiment of Fig. 1 1 and therefore, an explana- 
tion thereof will be omitted. 

[0042] Since a height H1 7 of a tip 71 is higher than a 
height H27 of the stopper 2, in fabricating the aperture, 

io the amount of plastic deformation provided to the optical 
shielding film 3 above the tip 71 becomes larger than 
the amount of plastic deformation provided to the optical 
shielding film 3 above the stopper 2. Therefore, the ap- 
erture is formed at the front end of the tip 71 and the 

is aperture size becomes larger than that when the heights 
of thetip and the stopper are the same explained in Em- 
bodiment 1 . 

[0043] As has been explained above, by controlling 
the difference between the height of the tip and the 

20 height of the stopper, the size of the aperture fabricated 
at the front end of the tip can easily be controlled. 
[0044] Further, when pluralities of pieces of the work- 
pieces 2000 and 3000 are fabricated on one sheet of a 
wafer, there is a case in which the wafer is warped. Also 

25 jn such a case, by providing differences between the 
heights of the tips and the heights of the stoppers, 
amounts of plastic deformation provided to optical 
shielding films above tips of the respective workpieces 
can be made constant and sizes of apertures fabricated 

30 at front ends of the tips can be made constant. 

[0045] Fig. 13and Figs. 14A, 14Band 14C are views 
for explaining a relationship between the heights of the 
tip and the stopper in the method of fabricating the work- 
piece explained above. Further, in the following, an ex- 

35 planation will be given of a case in which the height of 
the tip is lower than the height of the stopper as in the 
embodiment of Fig. 11 . 

[0046] Fig. 1 3 is a view showing only a tip 61 and the 
stopper2 in a state before attaching the optical shielding 

40 film in Fig. 11 . Figs. 14A, 14B and 14C are views illus- 
trating both of a section of the tip 61 at a position indi- 
cated by B-B 1 in Fig. 13 and a section of the stopper 2 
at a position indicated by C-C' in Fig. 1 3. Fig. 14A shows 
a state in which isotropic etching is progressed and the 

45 tip 61 is formed in a conical or a pyramidal shape. In the 
case in which a width of the mask 1 02 for stopper is larg- 
er than a diameter of the mask for tip, when the tip 61 
is precisely formed in the conical or the pyramidal 
shape, aflat portion is left at an upper face of the stopper 

so 2. As shown by Fig. 14A, the mask 102 for stopper is 
left above the flat portion. Meanwhile, the mask for tip 
is detached therefrom since the contact area with the tip 
61 becomes very small. 

[0047] In the state of Fig. 1 4A, a height H 1 1 of the tip 
55 61 and a height H21 of the stopper 2 are the same. Fig. 
14Bshows a state in which etching is further progressed 
from the state of Fig. 1 4A and the flat portion at the upper 
face of the stopper 2 is just eliminated. When etching is 
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carried out further from the state of Fig. 14A, the height 
H12 of the tip 61 which is not provided with the mask for 
tip, is gradually lowered. Meanwhile, the height 22 of the 
stopper 2 in which the mask for stopper remains, re- 
mains unchanged from H21 . The width of the flat portion 
of the upper face of the stopper 2 is gradually narrowed 
and the sectional shape becomes a triangular shape as 
shown by Fig. 14B. A difference AH between the heights 
of the tip 61 and the stopper 2 at this occasion is ap- 
proximately equal to or smaller than 1000 nm although 
the difference differs by a difference between a diameter 
of .the mask for tip and the width of the mask 102 for 
stopper and angles of the front ends of the tip 61 and 
the stopper 2. 

[0048] Fig. 1 4C shows a state in which etching is pro- 
gressed further from the state of Fig. 14B. AheightH13 
of the tip 61 becomes lower than the height H11 . Simi- 
larly, a height H23 of the stopper becomes smaller than 
the height H22. However, amounts of reducing the 
height H13 and the height H23 are the same and there- 
fore, the difference AH between the heights of the tip 61 
and the stopper 2 remains unchanged. 
[0049] Further, when-the width of the mask 102 for 
stopper is smaller than the mask fortip, the relationship 
between the heights of the tip and the stopper is re- 
versed and there is formed the shape of the workpiece 
3000 when the tip is higher than the stopper shown in 
Fig. 12. 

[0050] Further, when the width of the mask for tip and 
the width of the mask for stopper are equal to each other, 
the heights of the tip and the stopper naturally become 
equal to each other. 

[0051] According to the method of fabricating the 
workpiece of the invention, the difference between the 
heights of the tip and the stopper can excellently be con- 
trolled by the photolithography step. 
[0052] As has been explained above, according to 
Embodiment 6 of the invention, in addition to an effect 
of Embodiment 1 , the height of the tip and the height of 
the stopper can excellently be controlled and the size of 
the very small aperture fabricated at the front end of the 
tip can excellently be controlled by the difference be- 
tween the height of the tip and the height of the stopper. 
[0053] Further, by summarizingly exerting the force F 
to one sheet of wafer fabricated with pluralities of pieces 
of the workpieces 2000 and 3000, a plurality of pieces 
of plural kinds of apertures having desired aperture siz- 
es can also be fabricated in one operation. When the 
apertures are fabricated simultaneously, although de- 
pending on a number of the workpieces per sheet of wa- 
fer, a fabricating time period per piece of aperture be- 
comes very short such as several hundreds millisec- 
onds or shorter. 

[0054] Further, when pluralities of pieces of the work- 
pieces 2000 and 3000 are fabricated on one sheet of 
wafer, there is a case in which the wafer is warped. Also 
in such a case, by pertinently controlling the heights of 
the tips in accordance with the warp, the sizes of the 



apertures fabricated at the front ends of the tips can be 
made constant and accordingly, a number of acceptable 
products taken from one sheet of wafer can be in- 
creased and the very small apertures can be fabricated 
s at lower cost. 

(Embodiment 7) 

[0055] An explanation will be given of a method of 
io forming an aperture according to Embodiment 7 of the 
invention in reference to Fig. 15. The embodiment is an 
embodiment when there are a plurality of tips between 
stoppers and a substrate is warped. Therefore, with re- 
gard to portions the same as those in Embodiment 1 or 
is Embodiment 6, an explanation will be partially omitted 
or simplified. 

[0056] As shown by Fig. 1 5, the transparent layer 5 is 
formed on the substrate 4 and a plurality of tips 1701 
and the stoppers 2 on outer sides thereof are formed on 

20 the transparent layer 5. Further, the optical shielding film 
3 is formed above a plurality of tips 1 701 , the stoppers 
2 and the transparent layer 5. Further, the transparent 
layer 5 is not necessarily needed and in that case, the 
optical shielding film 3 is formed above the plurality of 

25 tips 1701 , the stoppers 2 and the substrate 4. Further, 
the optical shielding film 3 may be deposited only on the 
plurality of tips 1701. 

[0057] The substrate 4 having such a structure is 
warped as shown by Fig. 15 by a difference between 
30 stresses at the surface and the rear face of the sub- 
strate. When heights of the plurality of tips 1701 are 
made to be the same height relative to the substrate 4, 
an amount of plastic deformation provided to the optical 
shielding film 3 above the tip 1 701 at a vicinity of a cent- 
35 er, becomes larger than amounts of plastic deformation 
provided to the optical shielding film above other ones 
of the tips 1 701 and the size of the aperture fabricated 
at the front end of the tip 1 701 at the vicinity of the center 
becomes larger. 
40 [0058] Hence, according to the embodiment, the 
heights of the respective tips are changed in corre- 
spondence with an amount of warp of the substrate 4. 
In the case of the embodiment of Fig. 15, the height of 
the tip at the vicinity of the center is lowered and the 
45 heights of the tips are gradually increased toward the 
tips proximate to the stoppers 2. Such a method of fab- 
ricating workpieces is the same as that of Embodiment 
6 except that width of masks for tips are changed forthe 
respective tips and therefore, an explanation thereof will 
so be omitted. 

[0059] By adjusting the heights of the tips in this way, 
the plate 6 covering at least the plurality of tips 1 701 and 
portions of the stoppers 2 and constituting a flat face is 
mounted on the plurality of tips 1701 and the stoppers 
55 2. Further, the pressing tool 7 is mounted above the 
plate 6. By exerting the force F to the pressing tool 7 in 
directions of central axes of the tips 1701 , the plate 6 
simultaneously presses the optical shielding films 3 
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above all the tips 1 701 since the heights ot the tips 1 701 
are changed in accordance with the amount of warp of 
the substrate 4. A contact area of the stoppers 2 and the 
plate 6 is several hundreds through several tens of thou- 
sands times as large as a contact area of the tips 1 701 
and the plate 6. Therefore, the exerted force F is dis- 
persed by the stoppers 2 and as a result, the displace- 
ment of the plate 6 is reduced. Since the displacement 
of the plate 6 is small, an amount of plastic deformation 
provided to the optical shielding film 3 is very small. The 
tips 1701 and the stopper 2 are only subjected to very 
small elastic deformation. Therefore, since the amount 
of plastic deformation of the optical shielding film 3 is 
very small and all of the tips 1701 and the stoppers 2 
are displaced only in an area of elastic deformation and 
therefore, apertures having a uniform size are formed 
at the front ends of all the tips 1701 . The aperture size 
is a size of from several nm to substantially a diffraction 
limit of a wavelength of light passing through the tip 
1701. Further, although according to the above-de- 
scribed, the plate 6 is inserted between the pressing tool 
7 and the work piece, even when the plate 6 is removed 
and the workpiece is pressed directly by the pressing 
tool 7, the aperture can naturally be formed similarly. 
[0060] In order to introduce light to the aperture, by 
etching the substrate 4 from a side thereof opposed to 
a face of forming the tip 1 701 , at least a portion of the 
transparent member 5 or the tip 1701 is exposed and 
an entrance for light to the aperture is formed. Further, 
by constituting the substrate 4 by a transparent material, 
a step of forming the entrance of light can naturally be 
dispensed with. 

[0061] Although Fig. 15 shows an embodiment when 
the substrate 4 is warped in a projected shape, the em- 
bodiment is similarly applicable also when the substrate 
4 is warped in a recessed shape. In that case, the height 
of the tip at the vicinity of the center may be increased 
and the heights of the tips proximate to the stoppers may 
be lowered. 

[0062] Further, even when the substrate 4 is wavy, the 
embodiment is naturally applicable similarly 
[0063] Further, all the aperture sizes can be made the 
same by making the heights of all the tips constant and 
constituting the shape of the plate 6 or the pressing tool 
7 the same as warp of the substrate as explained above. 
[0064] Further, when several kinds of aperture sizes 
are intended to form on a single sheet of wafer, the em- 
bodiment is applicable by pertinently controlling the 
heights of the tips or the heights of the stoppers similar 
to Embodiment 1 . 

[0065] As has been explained above, according to 
Embodiment 7 of the invention, by controlling the 
heights of the tips or the shape of the plate or the press- 
ing tool, amounts of plastic deformation provided to the 
optical shielding film above the plurality of tips fabricated 
on the substrate which is deformed by warp or the like, 
can be made constant and ail the sizes of the apertures 
fabricated at the front ends of the tips can be made con- 



stant. Therefore, a yield of the apertures taken from a 
single sheet of wafer is remarkably promoted. 
[0066] Further, by pertinently controlling the heights 
of the tips, apertures having several kinds of sizes can 

5 stably be fabricated on a single sheet of wafer. 

[0067] Therefore, in addition to effects of Embodiment 
1 and Embodiment 6, a number of the stoppers relative 
to a number of the apertures can be reduced, a number 
of elements having very small apertures taken from a 

io single sheet of wafer can considerably be increased and 
therefore, further low cost formation is achieved. 
[0068] Further, since a number of apertures which can 
be fabricated together is increased, a fabricating time 
period per piece of aperture can be shortened to one 

is part of the fabricating time period of Embodiment 1 or 
Embodiment 6. 

(Embodiment 8) 

20 [0069] Next, an explanation will be given of a method 
of forming an aperture according to Embodiment 8 of 
the invention in reference to Fig. 16A through Fig. 18B. 
Further, an explanation will be given of portions dupli- 
cated with those of Embodiment 1 by using the same 

25 notations. 

[0070] Fig. 1 6A shows a state of arranging a plurality 
of tips 51 on the substrate 4. In Fig. 16A, a representa- 
tive one of tips 51 is designated as the tip 1 . Fig. 16B is 
a sectional view in correspondence with a position indi- 

30 cated by A-A' in Fig. 1 6A. The height of the tip 51 is a 
height equal to that of the tip 1 . A respective interval 
between the tips 51 falls in a range of from 100 nm to 
several 10 mm although depending on the height of the 
tip 51 . The tip 1 and the tips 51 are fabricated by using 

35 a pattern arranged with the plurality of masks 1 01 for tip 
in place of the mask 1 02 for stopper in steps of Embod- 
iment 1 explained in reference to Fig. 4A through Fig. 
5B. 

[0071] Next, the optical shielding film 3 is deposited 
40 on the tip 1 and the tips 51 as shown by Fig. 1 6C. 
[0072] Next, as shown by Rg. 17A, the plate 6 is 
mounted on the optical shielding film 3 and the prede- 
termined force F is exerted to the tip 1 . At this occasion, 
thetips51 atasurroundingofthetipl functions to serve 
■*5 as the stoppers 2 explained in Embodiment 1 and as 
shown by Fig. 1 7B, the aperture 8 is formed at the front 
end of the tip 1 . 

[0073] After forming the aperture 8 at the front end of 
the tip 1 , as shown by Fig. 17C, by exerting the force F 

so to the tips 51 contiguous to the tip 1 , the apertures 8 can 
be formed also at the front ends of the tips 51 contiguous 
to the tip 1 . Therefore, by successively exertingthe force 
F to the tips 51 , the apertures 8 can be formed at the 
front ends of the respective tips 51 . 

55 [0074] Further, as shown by Figs. 18A and 18B by 
mounting the plate 6 above a workpiece 5000 formed 
with the plurality of tips 51 and the tip 1 , exerting the 
predetermined force F to a roller 52 and rotating the roll- 
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er 52 in a direction of an arrow mark 54, the optical 
shielding film 3 at the front ends of the tips 51 and the 
tip 1 is pressed to crush and the apertures 8 can be 
formed at the front ends of the respective tips 51 and 
the tip 1. 

[0075] As has been explained above, according to 
Embodiment 5 of the invention, the tips 51 at the sur- 
rounding of the tip 1 function as the stoppers, the aper- 
ture 8 can simply be formed at the front end of the tip 1 
and by repeating similar operation, the apertures 8 can 
be formed at respective ones of the tips 51 . Further, by 
exerting the force F to the plurality of tips 51 and the tip 
1 in one operation by the roller 52, the apertures 8 can 
respectively be formed at the front ends of the tips 51 
and the tip 1 and the apertures 8 can be formed in a time 
period shorter than that in exerting the force one by one. 

(Embodiment 9) 

[0076] Next, an explanation will be given of a method 
of forming an aperture according to Embodiment 9 of 
the invention and a near field light device fabricated by 
the aperture forming method. Further, an explanation 
will be given of portions the same as those of Embodi- 
ment 1 of the invention by using the same notations. 
Aworkpiece 6000 shown in Fig. 19Aand Fig. 19B which 
is a sectional view in correspondence with a position of 
A-A" of Fig. 19A, is constituted by the substrate 4, the 
transparent member 5 formed on the substrate 4 and 
the tip 1 and stoppers 62 formed on the transparent 
member 5. A shape of the stopper 62 is a shape of a 
f rustrum of a right angle cone and its height H6 is equal 
to the height of the tip 1 or higher than the height of the 
tip 1 by about 100 nm. Further, an interval L6 between 
the stoppers 62 is about 100 through 500 nm and the 
stoppers 62 are regularly arranged surrounding the tip 
1. Further, the transparent member 5 may not be 
present in constituent elements of the workpiece 6000. 
[0077] As shown by Fig. 1 9C, a optical shielding film 
63 is formed on the workpiece 6000. A material of the 
optical shielding film 63 is a metal such as gold, silver 
or copper. A thickness of the optical shielding film 63 is 
about 10 through 200 nm although depending on a ma- 
terial used. 

[0078] As explained in Embodiment 1 , as shown by 
Fig. 20A, the plate 6 is mounted on the optical shielding 
film 3, the optical shielding film 63 at the front end of the 
tip 1 is pressed to crush and as shown by Fig. 20B, the 
aperture 8 is formed at the front end of the tip 1 . In order 
to introduce light to the aperture 8, an entrance for light 
to the aperture 8 is formed by exposing the transparent 
member 5 or the tip 1 and the stoppers 62 in view from 
its rearface by etching the substrate 4 from a side there- 
of opposed to a face of forming the tip 1. Further, by 
constituting the substrate 4 by a transparent material 
103, a step of forming the entrance for light can be dis- 
pensed with. 

[0079] By irradiating light from the side of the sub- 



strate 4 to the tip 1 and the stoppers 62, near field light 
is generated from the aperture 8. At this occasion, sur- 
face plasmon effect is produced by the regularly ar- 
ranged stoppers 62 and the optical shielding film 63 

5 formed on the stoppers 62 and an amount of light twice 
as much as or larger than that in the case of only the 
aperture 8, is emitted from the aperture 8. 
[0080] As has been explained above, according to 
Embodiment 9 of the invention, the surface plasmon ef- 

io feet is produced by the regularly arranged stoppers 62 
and the optical shielding film 63 formed on surfaces 
thereof and the light amount of near field light emitted 
from the aperture 8 is increased. 

is (Embodiment 10) 

[0081] Fig. 21 is a view showing a shape of a work- 
piece 21000 for explaining a method of fabricating an 
optical aperture according to Embodiment 1 0 of the in- 
20 vention. In Fig. 21 , a optical shielding film is omitted to 
simplify explanation. Further, a transparent material 103 
is formed on a substrate (not illustrated). 
[0082] The embodiment is an embodiment in a case 
in which according to a shape of the workpiece 21 000, 
25 in comparison with the shape of the workpiece 1000 ex- 
plained in Embodiment 1 , there are a plurality of pieces 
of tips (four in Fig. 21 ). Therefore, with regard to portions 
the same as those of Embodiment 1 , an explanation will 
be partially omitted or simplified. 
30 [0083] According to a method of fabricating the work- 
piece 21 000 of Fig. 21 , the workpiece 21 000 can be fab- 
ricated similar to the workpiece 1 000 of Embodiment 1 . 
The workpiece 1 000 of Embodiment 1 is fabricated by 
forming a mask for one piece of tip, however in the case 
35 of the workpiece 21000 of Fig. 21, after forming the 
masks 1 01 for four pieces of tips and the masks 1 02 for 
stopper, four tips 601 and the stoppers 2 are formed by 
isotropic etching by wet etching. A radius of front ends 
of the four tips 601 falls in a range of several nm through 
40 several 100 nm. Thereafter, a optical shielding film is 
deposited by a method of sputtering or vacuum evapo- 
ration. Further, when the optical shielding film is depos- 
ited only at the tips 601 , in astep of depositing the optical 
shielding film, sputtering or vacuum evaporation is car- 
45 tied out by mounting a metal mask having a shape of 
depositing the optical shielding film on the tips 601 . Fur- 
ther, the optical shielding film can naturally be formed 
only on the tips 601 by using a photolithography step 
such that the optical shielding film is left only on the tips 
so 601 after the depositing optical shielding film over an 
entire face of a face of the workpiece 21 000 formed with 
the tips. Further, there are used, for example, metals of 
aluminum, chromium, gold, platinum, silver, copper, ti- 
tanium, tungsten, nickel, cobalt and so on or alloys of 
55 these for the optical shielding film. 

[0084] A method of forming apertures at the optical 
shielding film on the tips 601 with regard to the work- 
piece 21 000 fabricated in this way, is quite the same as 
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that of Embodiment 1 and therefore, an explanation 
thereof will be omitted. 

[0085] In order to introduce light to the aperture fab- 
ricated at the optical shielding film on the tip 601, an 
entrance for light to the aperture is formed by exposing 
at least a portion of the transparent material 103 or the 
tip 601 by etching the substrate from a side thereof op- 
posed to a face of forming the tip 601 . Further, by con- 
stituting the substrate by a transparent material, a step 
of forming the entrance for light can naturally be dis- 
pensed with. 

[0086] Therefore, the apertures are simultaneously 
formed respectively at the optical shielding film above 
the plurality of tips. The size of the respective aperture 
can be controlled by the height of the respective tip and 
other than making the sizes of all the apertures the 
same, a plurality of pieces of different apertures having 
arbitrary sizes can simultaneously be fabricated. 
[0087] As has been explained above, according to 
Embodiment 1 0 of the invention, in addition to the effect 
of Embodiment 1 of the invention, by forming a plurality 
of tips to be surrounded by stoppers, apertures can be 
fabricated at front ends of a plurality of tips simultane- 
ously and easily. 

[0088] Further, by exerting the force F to a single 
piece of wafer formed with a plurality of pieces of the 
workpieces 21 000, a larger number of the apertures can 
be fabricated in one operation. When the apertures are 
fabricated together, although depending on a number of 
the workpieces per sheet of wafer, a fabricating_time 
period per piece of aperture become very short to be a 
small part of that in Embodiment 1 and fabrication cost 
per aperture can also be reduced significantly. 

(Embodiment 11) 



[0089] Fig. 22 is a view showing a shape of a work- 
piece 22000 for explaining a method of fabricating an 
optical aperture according to Embodiment 11 of the in- 
vention. In Fig. 22, a optical shielding film is omitted for 
simplifying explanation. Further, the transparent mate- 
rial 103 is formed on a substrate (not illustrated). 
[0090] The workpiece 22000 according to the embod- 
iment is provided with very small structural members 
702 between the tip and the stoppers. The very small 
structural members 702 are arranged periodically at dis- 
tances of about a wavelength. The other constitution is 
similar to that of the workpiece 1 000 explained in Em- 
bodiment 1 and accordingly, with regard to portions the 
same as those of Embodiment 1 , an explanation will par- 
tially be omitted or simplified. 

[0091 ] According to a method of fabricating the work- 
piece 22000 of Fig. 22, the workpiece 22000 can be fab- 
ricated quite similar to the workpiece 1000 of Embodi- 
ment 1 with regard to the tip 1 and the stoppers 2. In 
order to fabricate the workpiece 22000 of Fig. 22, there 
are further formed the very small structural members ar- 
ranged periodically at distances of about a wavelength 



beiween the tip 1 and the stoppers 2. According to the 
fabrication method, similar to the method of forming the 
tip or the stopper, the very small structural member 702 
is formed by etching after forming a mask for the very 

5 small structural member 702. Naturally, the very small 
structural member 702 can also be formed simultane- 
ously with f orming the tip 1 and the stoppers 2. Or, the 
very small structural members 702 can also be formed 
by forming the tip 1 and the stoppers 2 and thereafter 

10 aligning the very small structural members 702 physi- 
cally by using a technology of micromanipulation be- 
tween the tip 1 and the stoppers 2. Further, all of the tip 
1 , the stoppers 2 and the very small structural members 
702 can separately be formed. Here, a height of the very 

15 small structural member 702 is formed to be lower than 
those of the tip 1 and the stopper 2. Thereafter, a optical 
shielding film is deposited by a method of sputtering or 
vacuum evaporation. 

[0092] With regard to the workpiece 22000 fabricated 
20 in this way, a method of forming an aperture at the op- 
tical shielding film on the tip 1 , is quite the same as that 
of Embodiment 1 and therefore, an explanation thereof 
will be omitted. 

[0093] The height of the very small structural member 
25 702 is lowerthan the tip 1 and the stopper 2 and accord- 
ingly, the aperture is formed only at the optical shielding 
film on the tip 1 . 

[0094] In order to introduce light to the aperture fab- 
ricated at the optical shielding film on the tip 1, an en- 
30 trance for light to the aperture is formed by exposing at 
least a portion of the transparent material 1 03 or the tip 
1 by etching the substrate from a side thereof opposed 
to a face of forming the tip 1 . Further, by constituting the 
substrate by a transparent material, a step of forming 
35 the entrance for light can naturally be dispensed with. 
[0095] By arranging the very small structural mem- 
bers periodically at distances of about a wavelength at 
a vicinity of the aperture as in the workpiece 22000 of 
Fig. 22, intensity of near field light provided from the ap- 
40 erture is remarkably increased by the plasmon effect. 
[0096] Further, Fig. 23 is a view showing a shape of 
a workpiece 23000 for explaining a method of fabricat- 
ing other near field light generating element according 
to Embodiment 11 of the invention. In Fig. 23, a optical 
45 shielding film is omitted to simplify explanation. Further, 
the transparent material 103 is formed on a substrate 
(not illustrated). 

[0097] Accordingtotheshapeoftheworkpiece23000 
of Fig. 23, similar to the shape explained in the work- 
so piece 22000 of Fig. 22, there are provided very small 
structural members periodically at a vicinity of an aper- 
ture. However, in the case of the workpiece 23000 of 
Fig. 23, there is provided an embodiment in a case in 
which a portion of a stopper arranged at a vicinity of the 
55 aperture as a stopper 802 having a very small structure, 
is provided with a periodic very small structure. There- 
fore, with regard to portions the same as those in ex- 
plaining the workpiece 22000 of Fig. 22, an explanation 
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will be partially omitted or simplified. 
[0098] An explanation will be given of a method of fab- 
ricating the workpiece 23000 of Fig. 23 as follows. 
[0099] Similar to Embodiment 1 or Embodiment 1 0, a 
mask forthe tip 1 and a mask forthe stopper 802 having 
a very small structure are formed above the transparent 
material 103 by a photolithography step. The mask for 
the tip 1 and the mask for the stopper 802 having a very 
small structure may be formed simultaneously or may 
be formed separately. At this occasion, there is formed 
a periodic very small structure of about a wavelength at 
the mask forthe stopper 802 having the very small struc- 
ture. 

[0100] Next, the tip 1 and the stopper 802 having the 
very small structure are formed by isotropic etching by 
wet etching.Thereafter, a optical shielding film is depos- 
ited by a method of sputtering or vacuum evaporation. 
Further, when the optical shielding film is deposited only 
at the tip 1 , in a step of depositing the optical shielding 
film, sputtering or vacuum evaporation is carried out by 
mounting a metal mask having a shape of depositing 
the optical shielding film on the tip 1 . Further, also by 
using a photolithography step of leaving the optical 
shielding film only at the tip 1 after depositing the optical 
shielding film over an entire face of a face of the work- 
piece 23000 formed with the tip 1 , the optical shielding 
film can naturally be formed only on the tip 1 
[01 01 ] With regard to the workpiece 23000 fabricated 
in this way, a method of forming an aperture at the op- 
tical shielding film on the tip 1 is quite similar to that of 
Embodiment 1 and therefore, an explanation thereof will 
be omitted. 

[0102] In order to introduce light to the aperture fab- 
ricated at the optical shielding film on the tip 1, an en- 
trance for light to the aperture is formed by exposing at 
least a portion of the transparent material 1 03 or the tip 
1 by etching the substrate from a side thereof opposed 
to a face of forming the tip 1 . Further, by constituting the 
substrate by a transparent material, a step of forming 
the entrance for light can naturally be dispensed with. 
[01 03] Similar to the workpiece 22000 of Fig. 22, the 
workpiece 23000 of Fig. 23 is provided with the very 
small structural members periodically at distances of 
about a wavelength at a vicinity of aperture and there- 
fore, intensity of near field light provided from the aper- 
ture is remarkably increased by the plasmon effect. Fur- 
thermore, according to the workpiece 23000 of Fig. 23, 
in comparison with the workpiece 22000 of Fig. 22, the 
stoppers and the very small structural members can be 
formed by a single sheet of mask and therefore, a 
number of sheets of photomasks can be reduced. 
[0104] As has been explained above, according to 
Embodiment 11 of the invention, in addition to an effect 
of Embodiment 1 or Embodiment 1 0 of the invention, by 
fabricating the very small structures periodically at dis- 
tances of about a wavelength at a vicinity of the aper- 
ture, intensity of near field light can remarkably be in- 
creased by the plasmon effect. By increasing the inten- 



sity of near field light, laser output of an apparatus using 
the near field light generating element can be reduced 
and reduction of heat generating amount, low power 
consumption and small-sized formation of the appara- 
5 tus can be expected. 

[01 05] Further, according to the workpiece 23000 of 
Fig. 23, in comparison with the workpiece 22000 of Fig. 
22, the stopper and the very small structural portions 
can be formed by a single sheet of mask and a number 
io of sheets of photomasks can be reduced. Therefore, the 
near field light element can be fabricated at lower cost. 
[0106] Furthermore, in three steps of a step of fabri- 
cating the tip, a step of fabricating the stopper and a step 
of fabricating the periodic very small structural mem- 
15 bers, two steps or all of the three steps can be realized 
by a single step and accordingly, the steps of fabricating 
the near field light element can be reduced and simpli- 
fication of fabricating steps of fabricating the near field 
light element, reduction of fabricating time period and 
20 further reduction of fabricating cost can be realized. 



(Embodiment 12) 

[0107] Fig. 24 through Fig. 26 are views showing 
25 workpieces 24000, 25000 and 26000 for explaining of 
a method of fabricating an optical aperture according to 
Embodiment 1 2 of the invention. In Fig. 24 through Fig. 
26, optical shielding films are omitted for simplifying ex- 
planation. Further, the transparent material 103 is 
30 formed on a substrate (not illustrated). 

[0108] In the Embodiment 12, a plurality of chips of 
the workpiece 1 000 and stoppers described in the Em- 
bodiment 1 are disposed, and then the some explana- 
tion as that in Embodiment 1 will be partially omitted or 
35 simplified. 

[01 09] The workpiece 24000 of Fig. 24 is an embod- 
iment when the tip 1 is surrounded by a plurality of the 
stoppers 2. In the case of the workpiece 24000, a plu- 
rality of the tips 1 are arranged two-dimensionanlly and 
40 the stoppers 2 are arranged thereamong. Although in 
this case, tips are arranged at apexes of a quadrangular 
shape, there may be constituted a polygonalshapesuch 
as arranging the tips at apexes of a triangular shape. 
[0110] Further, the workpiece 25000 of Fig. 25 is an 
45 embodiment when a plurality of pieces of constitutions 
each arranged with a single stopper 1002 to surround 
the tip 1, are aligned. In the case of the workpiece 
25000, the stoppers 1002 constitute a quadrangular 
shape at inside of which a single one of the tip 1 is ar- 
50 ranged. The stoppers 1002 can correspond to other 
than a quadrangular shape such as a round type. Fur- 
ther, a plurality of the tips may be arranged at inside of 
the stoppers 1002. 

[01 1 1 ] Further, the workpiece 26000 of Fig . 26 is con- 
55 stituted by an arrangement having both of arrangements 
of the workpiece 24000 of Fig. 24 and the workpiece 
25000 of Fig. 25. That is, the tips 1 and the stoppers are 
very densely arranged. 
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[0112] A method of forming the stopper and the tip 
and the method of forming the optical shielding film in 
the workpiece 24000, the workpiece 25000 and the 
workpiece 26000, is quite the same as those of the case 
of Embodiment 1 and therefore, an explanation thereof 
will be omitted. 

[01 13] As has been explained, according to Embodi- 
ment 12 of the invention, the stoppers 2 are provided at 
vicinities of the tip 1 and a plurality of pieces of the tips 
are arranged two-dimensionally and therefore, the dis- 
placement of the plate constituting a pushing body can 
be reduced and therefore, even when an actuator hav- 
ing high resolution is not used, it is easy to simultane- 
ously form very small apertures having a uniform size 
at front ends of a plurality of the tips. Therefore, by si- 
multaneously fabricating apertures on the plurality of 
tips, although depending on a number of the tips per 
sheet of wafer, a fabricating time period per piece of ap- 
erture can be made very short and a large amount of 
apertures can be fabricated at low cost. 
[0114] Further, when the tips and the stoppers ar- 
ranged two-dimensionally constitute very small struc- 
tures periodically at distances of about a wavelength, 
similar to the case of Embodiment 3, intensity of near 
field light can remarkably be increased by the plasmon 
effect. Therefore, similar to Embodiment 11 , by increas- 
ing the intensity of near field light laser output of an ap- 
paratus using the near field light generating element can 
be reduced and reduction of heat generating amount, 
low power consumption formation and small-sized for- 
mation of the apparatus can be expected. 

(Embodiment 13) 



[01 1 5] Fig. 27 through Fig. 29 are views explaining a 
method of forming an aperture according to Embodi- 
ment 13 of the invention. A workpiece 27000 shown in 
Fig. 27 is provided with the transparent layer 5 formed 
on the substrate 4, the tip 1 of a conical or pyramidal 
shape formed on the transparent layer 5 and the optical 
shielding film 3. Further, in the workpiece 27000, the 
transparent layer 5 is not necessarily needed and in that 
case, the optical shielding film 3 is formed above the tip 
1 and the substrate 4. Further, the optical shielding film 
3 may be deposited only to the tip 1. A plate 28000 
shown in Fig. 28 is formed with the stopper 2. Although 
in Fig. 28, two pieces of the stoppers are formed, a larger 
number of pieces thereof may be formed. An interval 
between the stoppers is formed to be longer than a 
length of a base of the tip 1 in Fig. 27 and to be longer 
by, for example, several through several hundreds mi- 
crometers. A height H1 of the tip 1 is equal to or smaller 
than several nm and a height H2 of the stopper 2 is equal 
to or smaller than several mm. A difference between the 
height H1 and the height H2 is equal to or smaller than 
1000 nm. Further, a thickness of the optical shielding 
film 3 falls in a range of several 10 nm through several 
100nm although the thickness differs by a material of 



the optical shielding film 3. 

[0116] There are used dielectrics having high trans- 
mittrvity in a range of visible light such as silicon dioxide, 
diamond and so on, dielectrics having high transmittivity 
5 in a region of infrared light such as SeZn, silicon and the 
like and materials having high transmittivity in a region 
of ultraviolet light such as MgF, CaF and so on for the 
tip 1 , the stopper 2 and the transparent layer 5. Further, 
as the material of the tip 1, a material for transmitting 
10 light in a wavelength band of light transmitting the aper- 
ture even by a small amount can be used. Further, the 
tip 1 , the stopper 2 and the transparent layer 5 may be 
constituted by the same material or may be constituted 
by separate materials. There are used metals of alumi- 
15 num, chromium, gold, platinum, silver, copper, titanium, 
tungsten, nickel, cobalt and so on and alloys of these 
for the optical shielding film 3. 
[0117] Fig. 29 is a view showing a state of subjecting 
the optical shielding film 3 on the tip 1 to plastic defor- 
20 mation in a method of forming an aperture. The plate 
28000 having the stoppers 2 are mounted on the work- 
piece 27000 shown in Fig. 27 and the pressing tool 7 is 
further mounted on the plate 28000. In this case, trans- 
parent glass is used tor the plate 28000. Even after 
25 mounting the plate 28000, a position of the tip 1 can be 
confirmed by a microscope or optical observation. Ac- 
cording to the embodiment, positions of the tip 1 and the 
pressing tool 7 are confirmed from two directions by a 
microscope and the pressing tool 7 is arranged right 
30 above the tip 1 . By exerting the force F to the pressing 
tool 7 in a direction of a central axis of the tip 1 , the plate 
28000 is moved toward the tip 1 . A contact area of the 
stopper 2 and the plate 28000 is several hundreds 
through several tens of thousands times as large as a 
as contact area of the tip 1 and the plate 28000. Therefore, 
the exerted force F is dispersed by the stopper 2 and as 
a result, displacement of the plate 28000 is reduced. 
Since the displacementof the plate 28000 is small, an 
amount of plastic deformation provided to the optical 
40 shielding film 3 is very small. Further, the tip 1 and the 
stoppers 2 are subjected only to very small elastic de- 
formation. As methods of exerting the force F, there are 
a method of lifting a weight having a predetermined 
weight by a predetermined distance and dropping the 
45 weight freely, amethod of attaching a spring having pre- 
determined spring constant to the pressing tool 7 and 
pressing the spring by a predetermined distance and so 
on. When the plate 28000 comprises a material harder 
than the optical shielding film and softer than the tip 1 
so and the stopper 2, the force received by the tip 1 and 
the stoppers 2 is absorbed by the plate 28000 and ac- 
cordingly, the displacement of the plate 28000 is re- 
duced further and an amount of plastic deformation of 
the optical shielding film 3 can easily be reduced. 
55 [0118] Fig. 30 is a view showing a state of removing 
the plate 28000 and the pressing tool 7 after exerting 
the force F. The amount of plastic deformation of the op- 
tical shielding film 3 is very small, the tip 1 and the stop- 
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per 2 are displaced only in the area of elastic deforma- 
tion and therefore, the aperture 8 is formed at the front 
end of the tip 1 . The size of the aperture 8 is a size of 
from several nm to about a diffraction limit of a wave- 
length of light passing through the tip 1. To introduce 
light to the aperture 8, an entrance for light to the aper- 
ture 8 is formed by exposing at least a portion of the 
transparent member 5 or the tip 1 by etching the sub- 
strate 4 from a side thereof opposed to a face of forming 
the tip 1. Further, by constituting the substrate 4 by a 
transparent material 1 03, a step of forming the entrance 
for light can be dispensed with. 
[01 19] As has been explained above, according to the 
method of fabricating the aperture of the invention, the 
displacement of the plate 28000 can excellently be con- 
trolled by the stoppers 2, further, the displacement of the 
plate 28000 can be made very small and therefore, the 
aperture 8 having a uniform and small size can easily 
be fabricated at the front end of the tip 1 . Further, near 
field light can be generated from the aperture 8 by irra- 
diating light from the side of the substrate. 
[01 20] Next, an explanation will be given of a method 
of fabricating the workpiece 27000. Figs. 31 A and 31 B 
show a state in which after forming the transparent ma- 
terial 103 on the substrate material 104, the mask 101 
for the tip is formed. Fig. 31 A shows a top view and a 
Fig. 31 B shows a sectional view at a position indicated 
by A-A" of Fig. 31 A. The transparent material 103 is 
formed on the substrate material 1 04 by chemical vapor 
deposition (CVD) or spin coat. Further, the transparent 
material 103 can be formed on the substrate material 
104 also by a method of solid state bonding or glue. 
Next, the mask 1 01 for tip is formed on the transparent 
material 1 03 by a photolithography step. 
[0121] As the mask 101 for tip, a photoresist or a ni- 
tride film is used although depending on a material of 
the transparent material 103 and an etehant used in a 
successive step. There are used dielectrics having high 
transmittivity in a range of visible light such as silicon 
dioxide or diamond, dielectrics having high transmittivity 
in a region of infrared light such as SeZn or silicon or 
materials having high transmittivity in a range of ultravi- 
olet light such as MgF or CaF for the transparent mate- 
rial 103. 

[01 22] A diameter of the mask 1 01 for tip is, for exam- 
ple, equal to or smaller than several mm. Figs. 32A and 
32B show a state of forming the tip 1 . Fig. 32A is a top 
view and Fig. 32B is a sectional view at a position indi- 
cated by A-A" of Fig. 32A. After forming the mask 1 01 
fortjp, thetip 1 is formed by isotropic etching by wet etch- 
ing. By adjusting a relationship between a thickness of 
the transparent material 103 and a height of the tip 1 , 
the transparent layer 5 shown in Fig. 1 is formed or is 
not formed. A radius of a front end of the tip 1 falls in a 
range of several nm through several 1 00 nm. Thereafter, 
by depositing the optical shielding filmby a method of 
sputtering or vacuum evaporation, the workpiece 27000 
shown in Fig. 27 can be formed. Further, when the op- 



tical shielding film 3 is deposited only on the tip 1 , in a 
step of depositing the optical shielding f ilm 3, sputtering 
or vacuum evaporation is carried out by mounting a met- 
al mask having a shape of depositing the optical shield- 

s ing film on the tip 1 . Further, the optical shielding film 3 
can be formed only on the tip 1 also by using a photoli- 
thography step of leaving the optical shielding film 3 only 
on the tip 1 after depositing the optical shielding film 3 
over an entire face of a face of the workpiece 27000 

io formed with the tip. 

[0123] The plate 27000 shown in Fig. 28 can be fab- 
ricated by a method similar to that of the workpiece 
27000. Only difference is the shape of the mask and 
therefore, although an explanation of a method of fabri- 

15 eating the plate 27000 will be omitted, the workpiece 
27000 and the plate 28000 comprise, for example, the 
same material and are fabricated by etching the material 
by the same amount by etching the material by the same 
time period by the same etehant. By using a mask hav- 

20 ing a different size, a difference between the height H1 
of the tip 1 and the height H2 of the stopper 2 can be 
formed by a desired value. 

[0124] As has been explained above, according to 
Embodiment 1 3 of the invention , the heights of the tip 1 
25 and the stopper 2 can excellently be controlled, further, 
by providing the stopper 2, displacement of the plate 
28000 can be reduced and accordingly, even when an 
actuator having high resolution is not used, the aperture 
8 having a uniform and very small size can easily be 
30 formed at the front end of the tipl . According to an ex- 
periment of the inventors, by only knocking at the press- 
ing tool 7 by a hand-held hammer, the aperture 8 having 
a diameter equal to or smaller than 100 nm can be 
formed. Further, since the heights of the tip 1 and the 
as stopper2 are excellently controlled, ayieldof fabricating 
the aperture 8 is promoted. Further, the workpiece 
27000 explained in Embodiment 1 3 of the invention, can 
be fabricated by a photolithography step and according- 
ly, a plurality of pieces thereof can be fabricated at a 
40 sample having a large area such as a wafer and by mak- 
ing the force F constant, the apertures 8 having a uni- 
form aperture diameter can be formed at respectives of 
the workpiece 27000 fabricated by a plurality of pieces 
thereof. Further, since it is very simple to change the 
« magnitude of the force F, the apertures 8 having different 
aperture diameters can be formed individually for the 
workpieces 27000 fabricated by a plurality of pieces 
thereof. Further, the aperture 8 is formed by simply ex- 
erting the force F and accordingly, a time period taken 
so for fabricating the aperture is as very short as several 
seconds through several tens seconds. Further, any 
fabrication environment may be used according to Em- 
bodiment 13 of the invention. Therefore, Embodiment 
13 can be fabricated in the atmosphere and the fabri- 
55 cated state can immediately be observed by an optical 
microscope. Further, by carrying out the fabrication in a 
scanning electron microscope, the fabricated state can 
be observed by resolution higher than that of the optical 
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microscope. Further, by carrying out the fabrication in a 
liquid, the liquid serves as a damper and therefore, the 
fabricating conditions having further promoted control- 
lability can be achieved. 

[0125] Further, by simultaneouslyexertingtheforce F 
to a sample formed with a plurality of pieces of the work- 
pieces 27000, a plurality of pieces of the apertures 8 
having a uniform aperture diameter can also be fabri- 
cated in one operation. When fabricated together, al- 
though depending on a number of the workpieces 27000 
per sheet of wafer, a fabricating time period per piece of 
aperture can be made as very short as several hundreds 
milliseconds or shorter. 

[01 26] Further, according to Embodiment 1 3 of the in- 
vention, in addition to the effect explained in Embodi- 
ment 1, since it is not necessary to form the stopper 2 
at the workpiece 27000, in fabricating a device dis- 
pensed with the stopper 2, a step of removing the stop- 
per 2 is dispensed with and the aperture 8 can be formed 
inexpensively. 



10 



is 7. 



20 



Claims 

1 . A method of fabricating an optical aperture: 

wherein a face of a pushing body is made to be 
opposed to an object for aperture formation 
comprising a tip in a conical or a pyramidal 
shape formed at a substrate, a stopper ar- 
ranged at a vicinity of the tip and a optical 
shielding film formed at least above the tip to 
cover at least a portion of the stopper and the 
tip; and 

wherein an optical aperture is formed at a front 
end of the tip by pushing the pushing body to 
the object for aperture formation by a force hav- 
ing a component directed to the tip. 



25 



9. 



wherein the stopper is provided with a function of 
controlling a displacement of the pushing body. 

The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 4, 
wherein the pushing body is softer than a material 
of the tip. 

The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through Claim 5, 
wherein a portion of the pushing body brought into 
contact with the tip and the stopper constitutes a 
substantially flat face. 

The method of fabricating an optical aperture ac- 
cording to any one of claims 1 through 6, wherein 
the force is operated to a portion of the pushing 
body disposed substantially on an upper side of the 
front of the tip. 

The method of fabricating an optical aperture ac- 
cording to any one of claims 1 through 7, wherein 
the pushing body comprises an optically transpar- 
ent material. 

The method of fabricating an optical aperture ac- 
cording to claim 3, wherein a plurality of the pushing 
bodies are provided on a soft structure member. 



2. A method of fabricating an optical aperture, wherein 
a pushing body having a stopper projected in a di- 
rection of an object for aperture formation is made 
to be opposed to the object for aperture formation 
comprising a tip of a conical or a pyramidal shape 
and a optical shielding film formed at least on the 
tip; and 

wherein an optical aperture is formed at a 
front end of the tip by displacing the pushing body 
by exerting a force having a component directed to 
the tip thereto. 

3. The method of fabricating an optical aperture ac- 
cording to claim 1 or 2, wherein a plurality of the tips 
are formed and optical apertures are formed in one 
operation at front ends of the plurality of tips. 

4. The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 3, 



30 10. The method of fabricating an optical aperture ac- 
cording to any one of claims 1 through 9, wherein a 
projection is formed at a face of the pushing body 
opposed to the tip. 

35 11. The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 10, 
wherein the pushing body is softer than the optical 
shielding film. 

40 12. The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 11, 
wherein a height of the tip and a height of the stop- 
per are substantially equal to each other. 

13. The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 12, 
wherein a difference is produced between the 
height of the tip and the height of the stopper. 

14. The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 11 and 
claim 1 3, wherein the difference between the height 
of the tip and the height of the stopper is formed to 
constitute a desired distribution. 

15. The method of fabricating an optical aperture ac- 
cording to claim 1 4, wherein the distribution is adis- 
tribution in accordance with a shape of the sub- 
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16. The method of fabricating an optical aperture ac- 
cording to daim 1 , wherein a shape of the pushing 
body is a shape in correspondence with a shape of 
the substrate. 



17. The method of fabricating an optical aperture ac- 
cording to any one of claim 1 through claim 16, 
wherein a plurality of the tips are formed and when "> 
the aperture is formed at one of the tips, the tips at 

a surrounding thereof function as the stoppers. 

18. The method of fabricating an optical aperture ac- 
cording to claim 1 7, wherein the aperture is formed « 
at at least one of the tips functioning as the stop- 
pers. 

19. The method of fabricating an optical aperture ac- 
cording to claim 1 , wherein the stoppers are project- » 
ed portion regularly arranged around the tips and 
the optical shielding film is formed at least above 
the projected portions. 

20. The method of fabricating an optical aperture ac- & 
cording to claim 1 , wherein very small structural 
members arranged at periodic intervals are provid- 
ed at a vicinity of the tip. 

21. The method of fabricating an optical aperture ac- « 
cording to claim 20, wherein the stopper includes 
the periodic very small structural members. 



22. The method of fabricating an optical aperture ac- 
cording to daim 20, wherein the periodic very small 
structural members are fabricated between the 
stopper and the tip. 

23. A method of fabricating a probe for a near field light 
device, said method comprising: 



a step of fabricating a tip for transmitting light 
having a desired wavelength on a substrate; 
a step of fabricating a stopper arranged at a 
surrounding of the tip: 

a step of forming a optical shielding film 
covering the tip; and 

a step of forming an optical aperture at a 
front end of the tip by exerting a force si- 
multaneously to the tip and the stopper by 
using a pushing body having a substantial- 
ly flat face. 

24. The method of fabricating a probe for a near field 
light device according to daim 23, wherein the sub- 
strate is cut and a plurality of the tips are separated 
after forming the optical apertures at the front ends 
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